Sandalwood (Santalum album L.) is the second most expensive wood in the world. There are approximately 16 species of sandalwood (S. album, S. spicatum, S. austrocaledonicum, S. yasi, S. lanceolatum, S. ellipticum, S. macgregorii, S. insulare) occurring naturally throughout Australia, India, Indonesia, Papua New Guinea and the islands of the South Pacific. In India, S. album is found all over the country, with over 90% of the area in Karnataka, Tamil Nadu, Kerala, Andhra Pradesh and Telangana state. It is highly economic tropical tree species because of its scented heartwood and heartwood oil. Several causes have been attributed to the depletion of sandalwood population mainly amongst which theft is causing negative effect on the quality of species by constant removal of superior clones. The aim of this study was to determine the genetic diversity of S. album. For this, 177 genotypes of S. album from 14 populations of three states (Karnataka, Telangana state and Kerala) in southern India were selected. The genetic diversity and genetic structure were characterized through 25 SSR markers developed by cross amplification of different species of Sandalwood. Under this study, following genetic diversity parameters were estimated at individual level and population level; Number of alleles (Na) 9.107, Effective number of alleles (Ne) 7. 
Introduction
Santalum album L. is medium sized evergreen hemi-parasitic economically important aromatic tree species. The genus Santalum belonging to the family Santalaceae, which consist of 15 species (S. album, S. spicatum, S. austrocaledonicum, S. yasi, S. lanceolatum, S. ellipticum, S. macgregorii, S. insulare) occurring naturally throughout Australia, India, Indonesia, Papua New Guinea and the islands of the South Pacific. In India, S. album is found all over the country, with over 90% of the area in Karnataka, Tamil Nadu, Kerala, Andhra Pradesh and Telangana state. Sandalwood has been categorized as "vulnerable" by International Union for Conservation of natural and natural resources [1] Indigenous to peninsular India, its natural distribution estimation, estimated at about 9600 km 2 is confined predominantly to the two states of Karnataka (500 km 2 ) and Tamil Nadu (3600 km 2 ) [2] . In India it found distributed all over the country with over 90% of the area in Karnataka, Tamil Nadu, Andhra Pradesh and Kerala. Santalum album is culturally and economically important species for more than fifteen countries [3] . Sandalwood is valued for two important traits, heartwood and essential oil obtained from the heartwood. Both of these are considered to be highly prized and are used in incense, perfumes, medicine and carving [4] . Severe biotic factors including human interference, leading to heavy exploitation and massive clearance, grazing, fire and spike disease have selectively eroded the best trees of sandalwood [5] . Result indicated significant reduction of genetic variability in harvested population. This is causing negative effect on the quality of species by constant removal of superior clones. The aim of this study rala) in southern India were selected. The genetic diversity and genetic structure were characterized through 25 SSR markers developed by cross amplification of different species of Sandalwood. This study highlights the knowledge of genetic variation in sandalwood across the highest range of polymorphism was detected with SSR markers developed from Osyris lanceolata compared to Santalum austrocaledonicum, Santalum insulare and Santalum spicatum.
Materials and methods:
a) Sample collection: The gentic diversity of the Santalum album was as- [8] , S. austrocaledonicum [9] S. insulare [10] and S. spicatum [11] were screened for cross amplification of extracted DNA of S. album. 25 primers (Table 2) were amplified and generated polymorphism with the selected genotypes for the genetic diversity study. e) PCR Standardization of PCR (Polymerase Chain Reaction): Polymerase chain reaction (PCR) was performed according to the protocol developed by [12] . The PCR amplifications were carried out in 0.2 mL tube in Mastercycler gradient (Thermo scientific, Germany) in 13 μL reaction volume. The reaction mixture containing 2 μL (30 ng/μL) of genomic DNA as template DNA, 1.5 μL of 10× PCR buffer, 1.5 μL 15 mM MgCl 2 , 2 μL 10 mM SSR primers (Eurofins Pvt. Ltd.), 10 mM dNTPs and 0.2 μL (3 U/μL) Taq polymerase (Genie, Bangalore Pvt. Ltd.) and 4.4 μL double distilled water to maintain the volume. Amplification reactions were carried out with cycle profiles viz; initial denaturation at 94˚C for 3 minutes, followed by 30 cycles of denaturation at 94˚C for 30 sec, primer annealing at 50˚C -65˚C (depends on the primer melting temperature) for 1 min, extension at 72˚C for 2 min and a final extension of 10 min at 72˚C temperature.
f) Separation and detection of amplified PCR products: The amplification products were size separated by gel electrophoresis in 4% agarose [13] gel in 1× TAE buffer at a constant 80 V current for 4 h and stained in ethidium bromide solution and gel mixture was observed in UV light provided by a trans-illuminator in (Syngene G: Box) gel documentation system to visualize the bands. The size of the amplification products generated was estimated by using a standard molecular weight ladder depends upon the product size (50 bp and 100 bp Fermentas Thermofisher pvt. Ltd. [17] . Parameters were set as diploid data for each individual and assessed for values of K ranging from 1 to 11 Burn in MCMC iteration setting were 50000 and 100000 respectively. Allele frequencies were correlated for each value of K, 10 replicate simulations using a model allowing for admixture used correlated allele frequencies. Data from each sample analysis were combined andΔK statistics calculated using Structure harvester [18] as for the microsatellite marker analysis. The appropriate value forΔK was estimated
and an adhoc method based on the second rate order rate of change of the likelihood (ΔK) described by [20] . Principal component analysis was performed to show the differentiation of the S. album accessions in two-dimensional array of eigen vector using the variance and eigen module [21] . PCA is a prominent development in genotypes collections from different geographical locations that allows a better understanding of the entirely different populations. PCA was executed for all the accessions by using Minitab v.18. by using the selected microsatellite markers.
PCA used to represent genetic relations among the accessions from different geographical locations.
Results
i) DNA quantification: The quality of extracted DNA was quantified by running the 3 µL DNA on 0.8% agarose gel in 1X TAE buffer stain containing 4 µL of 0.3% ethidium bromide solution checked the purity of DNA Figure 3 .
ii) SSR marker amplification and polymorphism: All markers produced polymorphic amplification bands in selected genotypes Figure 4 , which ranged from 120 -350 bp. 15 to 6 number of alleles was generated at each locus with total 172 alleles.
High polymorphism was found in LC154966, LC126838, LC126839, LC154969 and LC154965 which were specifically belongs to O. lanceolata and AJ831401, AJ831403, EU287768 was showing low polymorphism. AJ831397 AJ831398 primers were gradient polymorphic and AM113980, LC154967, LC154970, LC126840 and LC126843
was non-repeatable stable monomorphic in each population.
iii) Genetic diversity: In this study highest number of alleles (Na) (10.05) with the average of 8.98 was found in Karnataka state followed by Kerala and AMOVA revealed that 3% of the total variation was due to differences among populations and 97% due to differences within the populations in 25 microsatellite markers in selected populations. The genetic differentiation among populations (F ST ) 0.012 at p < 0.001 was significant Table 6 .
Analysis of the dividing of the genetic variability in S. album indicated that it mainly occurred due to within populations and among the individuals variation.
In population variability was found only 3% of the total variation in southern sub-cluster I-Shivamogga, sub-cluster II-Marayur location 3 and in sub-cluster III Dharwad, Hassan were included ( Figure 6 ). 
Discussion
The main aim of this study was to explore the genetic diversity and determining the genetic structure of S. album based on their geographic location and allows the selection of superior genotypes for further genetic improvement in S. album. [24] used allozymes to identify the genetic variability in S. album that could be American Journal of Plant Sciences used for in situ conservation and revealed the high level of heterozygosity with average no of alleles and no of effective alleles (Na and Ne) was (2.174 and 1.602) in sandalwood populations in peninsular India. In this research we found high level of polymorphism by using microsatellite markers with average No. of alleles and no of effective alleles per locus (Na and Ne) was (9.10 and 7.56). In S. austrocaledonicum a native species of New Caledonia and Vanuatu genetic diversity study by 8 developed SSR markers, estimated the total number of alleles per locus (Na) was ranged from 3 -33 [9] while in S. album (Na) was ranged from 7.25 -8.50 by these selective markers. These results suggested that S. austrocaledonicum was highly polymorphic than S. album accessions. High polymorphism was found in S. spicatum with the number of alleles per locus ranged from (2 -10) and in S. album it was ranged from (9 -10) with the range of 9. [12] . Whereas in this study the expected heterozygosity was observed from (0.657 -0.798) with the mean value 0.727 in S. album in naturally and plantation population growing in Southern India. The above results indicated the similarity of S. album and S. spicatum due to presence of similar number of alleles and expected heterozygosity. Higher genetic diversity was found in nine Lolium species by using of Thirty-two nuclear SSR markers and the average PIC value 0.83 which revealed the outcrossing species than inbreeding species [26] . In this study the average PIC value 0.87 was obtained for selected markers respectively which also revealed the outcrossing per- value is useful for genetic diversity and distinguish the genotypes belongs to different populations. [30] . The genetic transferability of the SSR markers in genus S. album is highly conserved [31] . Though in this study we found that 84% transferability of O. lanceolata, 81% of S. spicatum, 72% S. insulare and 78% S. austrocaledonicum in S. album that is quite higher than the other genus transferability. Cross species transferability of SSR indicated the conservation of primer and compared to less reproducible marker [32] . In this research we found that the high polymorphism in S. album by these selected SSR markers. This result indicated that genetic structure of S. album mostly similar to S. spicatum and O. lanceolata.
Conclusion
The present study identified the high profile of genetic diversity population of 
